Effect of Organic Solvents on In Vitro Human Skin Water Barrier Function  by Abrams, Kenneth et al.
Effect of Organic Solvents on In Vitro Human Skin 
Water Barrier Function 
Kenneth Abrams,* Jeff D. Harvell,* David Shriner,* Philip Wertz,t Hilda Maibach, :j: Howard I. Maibach,* 
and S.]. Rehfeld* 
' VCSF School of Medicine, Department of Dermatology, San Francisco, California; tUniversity of Iowa College of Dentistry, Iowa 
City, Iowa; and :j:Emory University School of Public Health , Atlanta, Georgia, U .S.A. 
Skin barrier disruption caused by organic solvents to human 
cadaver dermatomed skin was evaluated using an in vitro 
model system. Resultant changes in trans epidermal water 
loss (TEWL), as measured with an evaporimeter, were 
recorded after topical application of either acetone, chloro-
form: methanol 2: 1, hexane, hexane: methanol 2: 3, or the 
, control, water, for exposure times of 1,3,6, and 12 min. The 
resultant lipid/solvent mixture was removed and analyzed 
for its lipid content. The ability of the different solvents to 
induce changes in the skin's barrier function was assessed by 
comparing pre- to post-solvent exposure TEWL (LlTEWL). 
When compared to the controls, water and unexposed 
skin, chloroform: methanol 2: 1 caused the greatest signifi-
cant increase in TEWL, followed by hexane : methanol 2: 3. 
Acetone and hexane showed no difference in TEWL from 
the controls. Besides solvent, exposure time was a signi~cant 
independent variable for predicting Ll TEWL, and the lI1ter-
action of the two (exposure time and solvent type together) 
was the strongest predictor. 
M uch research has been undertaken to better under-stand the components of the skin's barrier func-tion. The information to date suggests that the primary barrier to body water loss and i,!f1ux of exogenous substances resides in the stratum cor-
neum [1,2]. This uppermost epidermallaye~ (th.e stratum corneu~1) 
consists mainly of dead corneocytes filled With mtracellular keratm 
and intercellular lipid material consisting of ceramides, cholesterol, 
free fatty acids, cholesterol esters, and cholesterol sulfate [3 - 5] . 
Although it is generally accepted that solvents remove mtercellular 
lipid material resulting in cutaneous barrier disruption [~,6,7], rela-
tively few investigations have actually looked at. tlus ~ffect m 
human skin. The goal of the present study was to mvestlgate the 
effect of topical exposure of different solvents at various time inter-
vals on the barrier function of htllllatl skin. We utilized an it! vitro 
flow-through chamber system with excised human cadaver skin. 
Perturbations in barrier function as a result of solvent exposure were 
assessed by exposing the skin to a particular solvent, or the control 
Manuscript received July 22, 1992; accepted for publication May 21, 
1993. 
Reprint requests to: Dr. Kenneth Abrams, UCSF Department of Derma-
[ology, P.O. Box 0989, Surge #110, San Francisco, CA 94143-0989. 
Abbreviations: Ace, acetone; C: M, chloroform : methanol 2 : 1; H: M, 
hexane: methanol 2 : 3; Hex, hexane. 
Lipid analysis of the extracts revealed that all the solvents 
removed comparable quantities of the surface lipids (tri-
glycerides, wax esters, squalene, cholesterol esters). Stra-
tum corneum lipids - ceramides, free fatty acids, and 
cholesterol- extracted by chloroform: methanol 2: 1 and 
hexane: methanol 2: 3 were comparable and significantly 
greater than those extracted by acetone and hexane. These 
two solvents failed, however, to induce comparable changes 
in TEWL, as chloroform: methanol 2: 1 induced a signifi-
cantly greater LlTEWL than hexane: methanol 2: 3. Addi-
tionally, no individual lipid class extracted by either chloro-
form : methanol 2: 1 or hexane : methanol 2 : 3 proved to be a 
significant or accurate variable for predicting Ll TEWL. This 
suggests that the mechanism by which topical chloro-
form: methanol 2: 1 and hexane: methanol 2: 3 exposure in-
duce a ilTEWL involves more than pure lipid extraction. 
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water, and then observing for changes in transepidermaI water loss 
(TEWL) from baseline. 
MATERIALS AND METHODS 
Transepidermal Water Loss Fresh autopsy medial thigh skin from three 
Caucasian subjects was harvested and cut into large sections before being 
stored at - 20 · C. Subjects included an 18-year-old man, a 39-year-old man, 
and a 37-year-old woman. Skin was thawed to room temperature and cut 
into 2-cm2 pieces before being placed onto a l-cm2 in vilro cell with the 
epidermal side up (Fig 1). The epidermis was exposed to air and tbe dermis 
bathed in a sodium chloride 0.9% (w/v) a.nd 0.1% (w/ v) sodium azide 
sol~tion flowing at 2 .ml/h. The l'!aCI-containing chamber was kept at 
37 C by bathmg the dIffu.slO? cell WIth heated water (Fig 1) . The epidermis 
was allowed to dry m the ,t/ ,,,tro system for 12 h before baseline rransepider-
mal water loss (TEWL) measurements (Evaporimeter EPI, Stockholm, Swe-
den) were made. All experiments were done in a room with an ambient 
temperature berween 18 °C and 24·C and a relative humidity berween 25% 
and 45%. Only skin samples with a baseline TEWL reading berween 1.0 and 
6.0 (gram/m2/h) were used. 
Five hundred microliters of chloroform: methanol 2: 1 (C: M) (HPLC 
grade; Fisher, St. Louis, MO) acetone (ace) (HPLC grade, 99.5%; Fisher) 
hexane (hex) (HPLC grade; Fisher) hexane : methanol 2 : 3 (H : M) (HPLC 
grade; FIsher), or the control H 20 was topically applied (non-occluded) to 
the epidermis for 1, 3, 6, or 12 min . Unexposed skin (three samples from 
subject 1, and rwo from subjects 2 and 3) was llsed as anorher control. Solvent 
ex.posures were performed in duplicate for each subject. The lipid/so lvent 
mIxture was then removed and reduced to dryness with nitrogen gas. The 
VIals were sealed and kept frozen at -20· C until analyzed. 
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Figure 1. Schematic of if! vitro fl ow-through chamber sys tem with attached 
Evaporimcter probe. Skin is braced (epidermis up) between glass diffusion 
cell (bottom) and glass top. The dermis is bathed in warmed saline and 
epidermis is exposed to air. Thc evaporimeter is placed onto the top and the 
amount of water (gram/ m2/ h) diffusing through the epidermis is measured. 
The epidermis, after exposure, had low-flow nitrogen gas blown over it to 
evaporate res idual volatile sol vent from the surface. The cells were then 
placed into a des iccator containing phosphorus pentoxide under house vac-
uum fo r 12 h followed by 24 h at 10- 2 Torr vacuum to ensure removal of 
any remaining volatile solvent. Vacuum desiccation was performed because, 
in initial experiments, C: M, H : M, and acetone were found to interfere with 
the evaporimeter probe. The dehydration procedure ensured that the eva-
porimeter operated properly. 
After des iccation the skin was allowed to rehydrate and rewarm. TEWL 
was measured every 5 min for the first 30 min and then every 15 min, for a 
total of 195 min . T ypica lly, TEWL measurements stabilized after 30 min of 
rehydration so an averaged TEWL was calculated by averaging all measure-
ments after stabilization (beyond 30 min) and the difference between it and 
the baseline was used as the change in TEWL (ll.TEWL) for statistical 
analys is. All data arc presented as average ± standard deviation (SD). 
T hree additional subjects (a 44-year-old woman, a 56-year-old man, and a 
23-year-old man) were studied in the same manner described above using 
H: M 2: 3 and C : M 2 : 1 at 1-, 6-, and 12-min exposure times. This was done 
to confirm and expand upon the original observations. 
Lipid Analysis The lipids were redissolved in 2.5 ml of chloro-
form : methanol 2: 1 and subjected to a Folch wash with 0.250/0 KCI (aq) [8]. 
T he upper phase was discarded and the lower phase dried under nitrogen gas. 
The residue was then redissolved in 100 ttl of chlorofo rm : methanol 2: 1, 
containing 0.25 mg/ml methyl oleate , which was used as an internal stan-
dard. Adsorbosil-Plus 1 plates with preabsorbant (All tech Associates, Deer-
field, IL) were prepared for use as described previously [9] and 20-ttl portions 
of each sample analyzed. Standard mixtures included on each plate consisted 
of 0.625, 1.25, 6.25 , 12.5, and 25 ttg of ceramide, cholesterol, stearic acid , 
tripalmitin, methyl oleate, palmitic acid oleyl ester, cholesterol oleate, and 
squalene (all Sigma Chemical Co., St. Louis, MO). The plates were devel-
oped with chloroform : methanol to 5 cm, hexane to 20 cm, toluene to 
20 cm, and hexane: ethyl ether: acetic acid, 70 : 30 : 1, to 12 cm. The c11fo-
matograms were then charred as previously described [9]' and quantitated by 
photodensitometry (Biorad model 620). 
Statistical Analysis Resultant T EWL and amount of lipid extracted (as 
indiv idual lipid classes) was modeled as functions of solvent, time, and their 
interaction. Univariate analysis of variance models (ANOV A) was used to 
determine significant differences between categories. Subgroup means were 
tested with leas t-square (within-model) contrasts statements, as well as 
Tukey simultaneous confidence intervals. Simple linear regression analysis 
was used to evaluate the relationships of exposure time and levels of lipids 
extracted with ll.TEWL. These models were evaluated on a solvenc-by-so l-
vent basis. Variables were introduced into the model one at a time to deter-
mi nc their individual significance and contribution. Inclusion/exclusion 
criteria fo r our model werc based on R2 values, F statistics for the overall 
model, and the parameter F statistic. ll.TEWL was also regressed simply 
aga inst the various lipids, regardless of solvent or duration of exposure. A 
p < 0.05 was considered significant. 
RESULTS 
Transepidermal Water Loss (TEWL) By Solvent When all 
~TEWL data w ere averaged independent o f exposure time, the 
controls, water, and unexposed skin increased T EWL to 1.1 ± 2.0 
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Figure 2. Averaged ll.TEWL of skin exposed to C : M, H: M, ace, hex, or 
H 20 . ll.TEWL of skin (post-exposure TEWL - base line TEWL) represents 
the averaged value for all exposure times 1,3 , 6, and 12 min pooled together. 
" statistically significant ll.TEW L as compared to the controls, H 20 and 
unexposed skin. E rror bars, mean ± SD . . 
gram/m2/h and 1.1 ± 1.2 g ram / m 2/ h , respectively over baseline 
(Fi g 2). There was no significant difference between them . e : M 
increased TEWL to 8.5 ± 4 .5 gram / m 2/h, which WaS significan tly 
higher than w ater and all other solvents (p < 0.001) (Fig 2). H : M 
increased TEWL to 2.7 ± 2.3 gram / m 2/ h over baseline , although 
it w as not significantly different from acetone, hexane, or w ate r (Fig 
2). N either ace tone (1. 2 ± 1. 7 gram / m 2/ h) nor h exane (1.1 ± 1.0 
gram/m2/h) showed any significant TEWL increase compared to 
either contro l o r to each other. 
TEWL by Solvent as a Function of Exposure Time When 
exposure time w as considered independently, only e : M caused a 
significant increase in TEWL compared to water and all other sol-
vents at 1-, 6-, and 12-min exposure times (p $ 0 .001) (Fig 3) . H : M 
paralleled e: M (except at the 3-min exposure time), but did nor 
reach significance when compared to the other solvents or controls. 
e: M demonstrated a significant linear relationship between expo-
sure time and ~TEWL (p < 0.05) (Fig 4) . The other solvents dem-
onstrated no significant increase in TEWL when compared to water 
or to each other at each exposure t im e (Fig 3) . These sam e relation-
ships remained even when the effect of the drying process (~TEWL 
induced by the controls) w as considered . 
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Figure J. Averaged ll.TEWL of skin exposed to C : M, H : M, ace, hex, or 
the control water for 1, 3, 6, and 12 min. Error bars, mean ±SD. 
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/ Lipid Extraction . . 
A Function of Solvent: The organjc s~ l~ents all extracte? slgmfi-
ly greater amounts of each surface lipid class (tnglycendes, wax 
cant squalene cholesterol esters) than did the control water (p :s 
esters,' I h I I 0.05). Water extracte~ no detec~able squa ene, c 0 estero esters, 
ters or triglycendes, but did extract extremely low amounts 
wax es, I d £ 'd . b' TI of ceramide, cholestero .' ~n atty a~1 s 111 one su ~ect . 1ese were 
: not included in the statistical ana,lysls. , . . . 
R king the different solvents lipid extractIOn ability consisted 
I of It7d analysis without regard to exposure time. The varia~ les of 
. P nd resultant TEWL were considered separately. No slgmfi-
time a hI' h ( differences were demonstrated between t e so vents 111 t e 
cant t1'on of the surface lipids-squalene, cholesterol esters, wax 
extrac. I' 'd ( and triglycendes. The amount of stratum corneum Ipl -
es ters, 'd d'd db C'M d 
, cholesterol, free fatty aCI s, an cerami es-extracte y ~ an 
( H: M was significantly. greater than the other so lv~nts (p -: 0.05?, 
~ b not significantly dIfferent from each other (Fig 5). C. M ex-
t 
ut ted the most ceramide (34.9 ± 17.6 Jig) compared to H: M 
(~a~ ± 21.9 Jig), acetone, (6.3 ± 3.5 Jig), and hexane (5.7 ± 
10.3 jJ.g) (Fig 4). C:M extracted 17.9 ± 8.9.Jig and H.: M. 15.8 ± 
I 9 a Jig of free fatty acid, respectively, wluch was slg11lficantly 
. ter than that extracted by hexane (6.4 ± 5 Jig) and acetone 
, g~~; ± 6.5 Jig) (Fig 5). C: M and H: M showed no significant dif-~ ence in cholesterol extraction (12.1 ± 5.0 Jig and 12.6 ± 7.6 Jlg, 
I r~~ ectively), but both extracted significantly greater .amounts than he~ane (7.4 ± 5.4 Jig) and acetone (4.4 ± 1.8 Jig) (Fig 5). 
, 
B Solvent as a FuneliOIl of Exposure Tilli e: At each individual time 
Y sure all solvents removed comparable amounts of the surface f:~~s. C: M and H:~, but neither acetone nor hexane, showed a si~nificant linear relatlonsl11p between tnne and amount of cera-
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I Figure 5. Averaged amount o~ ceramide, cholesterol, and free fatty ac~d 
(Ltg) extracted from sk1l1 accordtng to solvent (C : M, H : M, ace, and hex). 
Data from all time exposures (1, 3, 6, and 12 nUI1) for each solvent were 
pooled to obtain averages. " statistically significant difference from acetone 
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Figure 6. Average amount of ceramidc extracted from skin topica lly ex-
posed to C: M, H : M, ace, or hex for 1, 3, 6, and 12 min. Error bars, mean 
±SD. " statistically significant difference from acetone and hexane only. 
mide (p < 0.05), cholesterol (p < 0.05), and free fatty acids (p < 
0.05) extracted (Figs 6-8). 
Cera III ides At 1 min, C: M (19.2 ± 10.0 Jig) extracted signifi-
cantly greater amounts than all other solvents that exhibited no 
significant differences among themselves, H: M (7.2 ± 4.2 Jig) > 
acetone (4.7 ± 1.6 Jig) > hexane (3 .5 ± 2.0 Jig) . At 3 min the only 
significant relationship was C: M (27.7 ± 7.6 Jig) > ace (4.9 ± 
2.6 Jig). The other solvents removed equivalent amounts of cera-
mide. At 6 and 12 min C: M showed no significant difference from 
H: M, but both extracted significantly greater amounts than did 
acetone or hexane, which showed no significant difference between 
each other (Fig 6). 
Cholesterol At the 1-min exposure time no significant differences 
existed among the solvents in their ability to extract cholesterol 
[C:M (7.1±3.4Jig»H:M (4.2±1.8Jlg»Hex (4.8± 
2.2 Jig) > Ace (3.8 ± 1.9 Jig)]. At the 6- and 12-min exposure times 
H : M = C : M and both removed significantly greater amounts than 
Hex or Ace (p < 0.05) (Fig 7) . Acetone removed equivalent 
amounts of cholesterol as hexane. 
Free Fatty Acids At the 1-min exposure time no significant rela-
tionships existed among the solvents in their ability to remove free 
fatty acids [C: M (12.1 ± 9.5 Jig) > HM (6.1 ± 3.7 Jig) > Hex 
(5 .9 ± 6.1 Jig) > Ace (5.6 ± 10.0 Jig)]. At the 6- and 12-min expo-
sure times C: M and H: M removed comparable amounts of free 
fatty acids and both extracted significantly greater amounts than did 
acetone or hexane (p < 0.05), which were not significantly differ-
ent from each other (Fig 8). 
C : M Versus H : M The finding in the initial studies that C : M 
and H: M removed comparable quantities of stratum corneum 
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Figure 7. Average amount of cholesterol extracted from skin topicaIly 
exposed to C: M, H : M, ace, or hex for 1,3,6, and 12 min. Error bars, mean 
±SD. " statistically significant difference from acetone and hexane only. 
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Figure 8. Average amount of free fatty acids extracted from skin topically 
exposed to C: M, H : M, ace, or hex for I, 3, 6, and 12 min. Error bars, mean 
±SD. *, statistically significant difference from acetone and hexane only. 
lipids, but failed to induc.eyarallel ~hanges in TEWL was verified 
using data from three add itional subjects. Average fl. TEWL for both 
C: M and H: M increased from 8.5 ± 4.5 gramjm2jh to 11.3 ± 5.8 
gram/m2jh and from 2.7 ± 2.3 gramjm2jh to 4.8 ± 3.7, respec-
tively. In this repeat experiment, the difference between H: M and 
controls reached significance. Importantly, however, the fl.TEWL 
difference between C: M and H: M remained statistically signifi-
cant (p < 0.001). 
As with the original three subjects, no significant differences 
could be demonstrated between the stratum corneum lipid removal 
properties of C : M and H: M. Average ceramide decreased from 
34.9 ± 17.6).1.g to 27.5 ± 17.9).1.g forC:Mand from 25 ± 21.6).1.g 
to 21 ± 21 .6).1.g for H: M. Average cholesterol decreased from 
12.1 ± 5.0 JLg to 9.1 ± 5.6).1.g for C: M and from 12.6 ± 7.6).1.g to 
9.3 ± 7.5).1.g for H: M. Average free fatty acid decreased from 
17.9 ± 8.9 /1g to 16.5 ± 8.2).1.g for C: M and from 15.8 ± 9.0).l.g 
to 13.5 ± 9.8).1.g for H : M. 
Regression analysis again found no significant relationship be-
tween the amount of any individual lipid class extracted and 
fl.TEWL. The only significant independent variables that could 
predict TEWL were solvent used (R2 = 0.33, P < 0.001), SlIbject 
(R2 = 0.21, P < 0.001), and exposure time (R2 = 0.15, P < 0.001). 
All three variables when used together form a predictive model with 
an R2 = 0.8 . 
TEWL as a Function of Lipid Removal No significant rela-
tionship between fl.TEWL and any of the individual lipid classes 
was found for any of the solvents using regression analysis while 
controlling for the significant variables of subject and exposure 
time. In particular, for C: M and H: M, the only solvents that caused 
a significant fl.TEWL compared to water or unexposed skin (using 
all six subjects), no significant relationship existed between the 
amount of stratum corneum lipids (ceramide, cholesterol, or free 
fatty acid) extracted and the resultant fl. TEWL (p > 0.10). The 
addition of lipid type to the overall multivariant model made either 
no impact or actually decreased the overall predictive power of the 
model. 
DISCUSSION 
TEWL measurements are regarded as an indicator of barrier func-
tion, such that a high TEWL generally indicates barrier perturba-
tion [10]. Because of its accuracy, small size, and ease of operation, 
the evaporimeter has become a commonly used TEWL measuring 
device. It uses a probe with two sensors that measure the relative 
humidity between them in the rising water vapor from the epider-
mal surface [11]. In our preliminary studies the organic solvents 
acetone, H : M, and C : M substantially interfered with the eva pori-
meter, rendering it unreliable and necessitating frequent recalibra-
tions. In fact, after preliminary tests designed to test the necessity of 
vacuum desiccation, the probe's sensor required replacement. An-
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other study looking at this same problem found that volatile C0111-
pounds such as methanol, ethanol, acetone, and propylene glYcol 
interfere with and ultimately damage the Servo Med EPl Evapori_ 
meter probe [1 2]. Concentrations of organic solvents greater than 
100 ppm may attack and damage the polymer material of the rela-
tive humidity sensors and cause them to lose their calibration. 
Therefore, the methods used in our investigation were designed to 
circumvent these solvent-related problems by removing as much of 
the unbound solvent from the skin sample as possible prior to mak. 
ing meaSllrements with the eva pori meter. We feel that the use of 
the evaporimeter in any investigation involving volatile organic 
solvents, without first ensuring that all volatile solvent has beell. 
removed from the skin's surface, may give rise to spurious results 
and damage the instrument. Data that use specific probes for water 
must be tested for solvent effects on the various components of th~ 
probe. 
Regarding the methodology, the use of human skin in vitro in this 
study is advantageous in that one can study the effect of lipid re_ 
moval without the confounding effects of either the inflammatory 
response or the skin's attempt to heal itself. The drying metho~ 
employed seemed to cause little change in the skin's barrier integrity 
as evidenced by the low fl.TEWL observed for unexposesd skill. 
(1.1 ± 1.2 gramjm2jh) and water exposed skin (1.1 ± 2.0 gram/ 
m 2 jh). 
When the fl. TEWL data were pooled irrespective of time expo. 
sure only C: M 1111tlally, and then also H: M (after three additional 
subjects were studied), significantly increased TEWL compared to 
all other solvents and to the control, water. Acetone and hexant 
proved to be poor barrier disrupters even after 12 min of topical 
exposure (Figs 2, 3, and 4). Consequently, the solvents could b~ 
ranked as follows: C : M is significantly greater than H : M and botb 
are significantly greater than water, unexposed skin, hexane, and 
acetone, which are equal to each other. 
This ranking remained constant even when the variable of expo, 
sure time is considered (Fig 4). Exposure time's relationship tc) 
fl.TEWL is linear and unequal among the solvents as evidenced b}> 
the differing slopes of the lines (Fig 4) and by the fact that fl. TEWl l 
is best predicted by the interaction of both solvent type and exposure 
time than by either variable alone. These data agree with earlier 
work showing a linear relationship between the diffusion of tri, 
tiated water through the stratum corneum and time of exposure to 
C : M. In this same study by Sheuplein and Ross, acetone and eth, 
anol were much less effective at increasing the diffusion of tritiated 
water [6]. 
Lipids have been postulated to be intimately involved in main, 
taining barrier function [13,14]. Surface lipids are mostly derived 
from the sebaceous glands (triglycerides, wax esters, sgualene, cho-
lesterol, cholesterol esters, and some free fatty acids) l15]. whereas 
lipids of the stratum corneum are produced by the keratinocytes, 
They include ceramide (40- 50%), cholesterol (20 -27%), free fa tty 
acids (9 - 26%), cholesterol esters (10%), and small amounts of cho, 
lesterol SlIlfate [4,16]. Barrier-maintaining properties have been as-
signed primarily to the ceramide fraction of the stratum corneUl1\ 
lipids, which also include free fatty acids and cholesterol [13,17], 
Using this premise it should be possible to predict TEWL as a 
function of ceramide loss from the skin. When this hypothesis was 
tested using regression analysis of the data generated by this stud , 
and controlling for solvent, no such relationship was found (Fig 9), 
In fact, no significant and consistent correlation could be fOl111d 
between any of the lipids and ~TEWL for the solvents tested. Th~ 
stratum corneum lipids act more like response variables and not 
independent fixed factors in determining fl.TEWL. This is sup-
ported by others who have shown that C: M and H: M extract 
comparable amounts of lipids [18] and that no correlation between. 
amount of total lipid or individual lipid class extracted and th~ 
degree of alteration of triated H 20 diffusion after exposure e).;sts 
[7]. T he fact that C: M and H : M removed these lipids to a greater 
degree than any other solvent (p < 0.05) (Figs 2 and 5) is not sur, 
prising, as these are the only solvents tested for which these lipids 
are highly soluble. Taken together, this SlIggests that the mecha, 
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Figure 9. t1TEWL represented as a function of the amount of ceramide 
(;J. ) extracted from skll1 topically exposed to either c: M or H: M. All ex~erimental exposure times (1, 3, 6, and 12 min) are pooled together. 
nism by which topical C: M and H: ~Iexposureinduce a ~TEWL 
robably involves more than pure ltpld extraction. Fur~hermor~, ~onitoring the ceraml~e loss may only ac~ as a crude 1I1dlrect ll1dl-
tor of barrier dISruptIOn by these orgamc solvents because there 
ca ears to be no cause-effect relationship. Other factors such as 
:Vects of proteins shou ld be evaluated in terms of water barrier 
function. . ' . . . 
The results of this study question the Wide use of acetone 111 m VIVO 
d in vitro experiments to "break" the stratum corneum's barner to 
an . db' water by "delipidization." As mentlone a ove, some 1I1struments 
used to measure TEWL react to acetone, causing falsely elevated 
readings and damage t? the pro?es. Our data show that acetone 
under the in vitro condlt1ons of thiS expenment ~oes not p~rtu.rb the 
skin's barrier as measured by TEWL nor does It extract slglUficant 
n tities of stratum corneum ltplds up to 12 m111 of exposure. qua I l" d I 'd . Acetone's minimal ability to extract po ar Ipl s, SUC 1 as c~r~ml e, IS 
not surprising as it is a poor solvent for these types of ltplds (19J . 
Acetone is a stronger hydro~en. bond acceptor than I~ water. and 
mpetes with it at protem-bmd1l1g sites. ThiS competitIOn wlthll1 co . b ' d' h I the stratum corneum results in acetone-protell1 111 111g t at pus les 
water off the protein.§ . 
In conclusion, the results of the present study support prevIOus 
k demonstrating various organic so lvents' lipid extractIOn and 
wor . 1 d' 1 barrier disruption abilities, but calls into question t le Irect re a-
tionship between the two phenomena. We have found that.accurate 
measurement of TEWL using current technology reqUires pro-
§ Rehfeld S, Simonis V, Plachy W: Molecular origin of the phase transi-
. I1S induced by hydration and organic solvents (acetone, chloroform, dl-~~thylsulfoxide, 1,2 propanol) in mammalian stratum corneum (abstr). J 
Invest Dermatol 98:641, 1992 
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longed sample drying after solvent exposure to ensure accurate and 
re liable TEWL measurements. All solvents tested removed compa-
rable quantities of surface lipids (triglycerides, wax esters, squalene, 
and cholesterol esters), but differed significantly in their ability to 
extract stratum corneum lipids. It is apparent that in human skin, for 
time exposures up to 12 min, C: M and H : M are able to remove 
comparable and significantl y greater quantities of stratum corneum 
lipids than either acetone, hexane, or the control water. C: M and 
H: M, however, failed to induce comparab le TEWL changes. C : M 
proved to be significantly more potent than H: M at inducing 
TEWL changes. Additionally, no individual lipid class extracted by 
any of the so lvents proved to be an accurate predictor of resultant 
TEWL. Taken together these may suggest a lesser role for lipids in 
skin barrier function than previously thought. 
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